Systemic chemotherapy is the only option for advanced and/or disseminated disease in patients with hepatocellular carcinoma (HCC). For decades, various systemic therapies have been explored for the treatment of advanced HCC. Nevertheless, no satisfactory results have been obtained in cytotoxic chemotherapy so far. However, with the recent introduction of effective chemotherapy agents including sorafenib, the role of systemic therapy for the treatment of HCC is changing. The goals of systemic therapy include prolongation of survival with stabilization of disease progression and, in selected patients, downsizing of primarily unresectable tumors. In the era of effective chemotherapy, patients with advanced HCC should be managed with individualized approaches to optimize outcome.
Introduction
Various therapeutic options are currently available for the treatment of hepatocellular carcinoma (HCC). In patients with a limited number of HCC, surgical resection, liver transplantation, or ablation therapies may offer a chance of cure [1, 2] . In addition, transarterial chemoembolization has been used for patients with multiple tumors ( 1 3) because of its modest effectiveness in control of progression of the disease [3] [4] [5] [6] . For the remaining patients with advanced disease, however, only a few treatments have been recommended due to a lack of clinical evidence, and the therapeutic strategy in these patients is not fully established.
Many cytotoxic and biologic agents have been proposed for systemic therapy in patients with HCC. Although sorafenib is currently the only agent with solid clinical evidence [7, 8] , the effectiveness of combination regimens or newly biologic agents have been actively reported during the past decade. In this article, we review clinical results and the state of the art of systemic therapy for HCC, and discuss the treatment strategy in the era of effective chemotherapy.
Systemic Therapy for HCC

Cytotoxic Chemotherapy
There have been a large number of studies on the effectiveness of systemic therapy for advanced HCC ( table 1 ) . Doxorubicin is one of the most studied agents, and rather favorable outcomes have been reported in its initial studies [9, 10] . However, the overall response rate for more than 700 patients in recent studies was as low as 18%. Likewise, the effectiveness of other single chemotherapy regimen is generally unsatisfactory.
On the basis of the modest activity of single agents, various combination therapies have been attempted. The most impressive one was the result in a phase II study of a four-drug regimen [cisplatin, interferon (IFN)-alpha-2b, doxorubicin, and 5-fluorouracil (5-FU), PIAF], which showed that 9 out of 50 patients with initially unresectable tumor became amenable to surgery after intensive chemotherapy [11] . However, a follow-up phase III trial comparing PIAF with doxorubicin failed to show an advantage of the combination therapy, with an overall response rate of 17% [12] .
Endocrine Therapy
Because the tolerability of cytotoxic chemotherapy in patients with HCC is highly influenced by the impaired hepatic function, the effectiveness of noncytotoxic therapies has also been actively studied. It is estimated that estrogen receptors (ERs) are expressed in up to one-third of HCC cases, and the role of sex steroids in the carcinogenesis of HCC has been suggested both in animal models and epidemiologic studies [13] . Therefore, ERs can be a therapeutic target in endocrine therapy for HCC. Although an earlier study investigating the effectiveness of tamoxifen failed to show a prognostic advantage due to gene mutations in ERs [14] , a later study of megestrol reported a prognostic advantage in patients with ER-positive HCC (18 vs. 7 months, p = 0.009) [15] . Another possible target in endocrine therapy is the retinoid X receptor (RXR ␣ ), which is malfunctioning in HCC due to phosphorylation by the Ras-MAPK signaling pathway [16] . A recent phase I/II study of an oral synthetic retinoid (TAC-101) has reported good tolerability and a significant disease stabilization effect in 12 out of 21 patients [17] . However, because of the limited number of reports, further investigation is needed to warrant endocrine therapy for HCC.
Biologic Agents HCC cells are often intrinsically resistant to chemotherapy through the overexpression of drug transporter proteins including the multidrug resistance gene MDR1 . Therefore, cytotoxic agents have generally failed to show a clinically meaningful impact [18] . However, several biologic agents targeting the oncologic signaling pathway of HCC ( fig. 1 ) have demonstrated favorable outcomes in several clinical trials [19] [20] [21] .
Sorafenib
Sorafenib is a polyvalent molecule which has been shown in HCC cell line to inhibit the serine-threonine kinase Raf-1 and several receptor tyrosine kinases such as vascular endothelial growth factor receptor-2 (VEGFR2), platelet-derived growth factor receptor (PDGFR), FLT3, Ret, and c-Kit. To date, two phase III studies (the SHARP trial [7] and the Asia-Pacific trial [22] ) demonstrated survival benefit of sorafenib in patients with HCC, and this is the only biologic agent approved for clinical use in systemic therapy for HCC at present.
Antiangiogenic Agents
Some of the other potential candidates for targeted therapy are antiangiogenic agents. Because HCC is a hypervascular tumor and an association between high VEGF expression and worse survival has been reported [23] , inhibition of VEFG may decrease the risk of tumor progression in patients with HCC. Recent studies have shown that the use of bevacizumab either as a single agent or in combination with cytotoxic or molecular targeted agents improves patient survival, with response rate of 12-25% [24] . The effectiveness of new antiangiogenic agents including sunitinib, brivanib, linifanib, pazopanib, cediranib, vatalanib, and lenalidomide is now under investigation. G EMOX = Gemcitabine + oxaliplatin; CAPOX = capecitabine + oxaliplatin. 
Epidermal Growth Factor Receptor Inhibitors
The expression of epidermal growth factor receptor (EGFR) has also been described in HCC cell lines and tissues. The effectiveness of EGFR tyrosine kinase inhibitors (erlotinib, gefitinib, and lapatinib) or monoclonal anti-EGFR antibodies (cetuximab) has also been investigated. However, other than the modest activity with erlotinib [25] , the rest of the EGFR inhibitors failed to show any activity as single agents in advanced HCC.
Other Biologic Agents
Various new biologic agents including mTOR inhibitors (sirolimus, temsirolimus, and everolimus), a MEK inhibitor (selumetinib), a c-MET inhibitor (tivantinib), and a c-kit inhibitor (cabozantinib) are now under investigation for advanced HCC. Although there has been no single agents showing outstanding effect so far, combination therapy with other cytotoxic and/or biologic agents may offer additional effects in systemic therapy for HCC in selected population [26] .
Adjuvant Systemic Therapy for HCC
Following surgical resection and ablation, tumor recurrence in the form of either local recurrence or de novo carcinogenesis is common. However, because of the unsatisfactory results in systemic therapies for advanced HCC, trials of adjuvant systemic therapy after locoregional treatment have been limited. 
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Systemic Therapy
Five studies explored the effects of systemic [27] [28] [29] or local [30, 31] chemotherapy after surgery. However, all of these studies failed to demonstrate prognostic advantage of adjuvant therapy. Therefore, there is no solid evidence supporting the advantage of adjuvant systemic therapy at present. The results in the currently ongoing phase III trial of sorafenib in adjuvant settings (STORM trial) would impact the management of patient care after locoregional treatments in the near future.
Interferon Therapy
Although the majority of patients with HCC are infected with hepatitis B or C virus, IFN therapy may benefit patients not only by reducing the viral activity but also with its immunomodulatory, antiproliferative, and antiangiogenic activity. A recent meta-analysis of 8 randomized trials showed that adjuvant IFN therapy reduces the risk of 2-year recurrence (risk ratio 0.84; 95% CI 0.73-0.97) and improves the 2-year overall survival (risk ratio 1.15; 95% CI 1.07-1.22) [32] .
Other Adjuvant Therapies Vitamin K2 analog was one of the most studied agents in adjuvant therapy after surgery. Although minor prognostic advantage was suggested in a meta-analysis [32] , vitamin K2 analog was not associated with a decreased recurrence rate and its actual prognostic impact is unclear. In addition, the effects of acyclic retinoid or autoimmune therapy were also explored in the past. However, because the effects of these treatments were not outstanding and the number of studies is limited, true advantages of these therapies are still indeterminate. 
The Role of Systemic Therapy in a Multidisciplinary Approach for HCC
Although only a few evidences have been available in systemic therapy for HCC, there exists a minority of patients who respond well to systemic therapy for primarily unresectable or metastatic HCC. The goals of systemic therapy include (1) the conversion of unresectable to resectable disease in patients with preserved liver function and performance status, and (2) the palliation and prolonged survival in patients with advanced disease. Figure 2 shows the treatment strategy for large HCC at the MD Anderson Cancer Center. For patients diagnosed with borderline resectable tumors, intensive multiagent systemic therapy or sequential transarterial chemoembolization and portal vein embolization is selected based on the patients' histopathologic status of underlying liver, hepatitis serology, hepatic function, and performance status, expecting increased resectability. Although the effectiveness of the PIAF regimen has not yet been fully understood, our preliminary results suggest that a modified PIAF regimen is associated with improved tolerability and such regimen may contribute to improve the resection rate and survival in a selected population with good performance status and without chronic hepatitis ( fig. 3 ).
Conclusion
Although considerable efforts have been made for decades in exploration of effective systemic therapy, there has been no study reporting an outstanding result in chemotherapy for HCC. However, with the introduction of sorafenib and the increasing use of other biologic agents, various candidate regimens are now under investigation. The goals of systemic therapy include the prolongation of survival through stabilization of disease progression and the selection of the candidates for curative resection by downsizing the primarily unresectable tumor. In this era of effective chemotherapy, patients with advanced HCC should be managed in a multidisciplinary approach to maximize the treatment outcome, and our preliminary data support the rationale and preferable outcome of such an approach.
